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ABSTRACT 

Recent extensive observations of Type la Supernovae (SNe la) have revealed the existence of a 
diversity of SNe la, including SNe lax. We introduce two possible channels in the single degenerate 
scenario: I) double detonations in sub-Chandrasekhar (Ch) mass CO white dwarfs (WDs), where a 
thin He envelope is developed with relatively low accretion rates after He novae even at low metallici- 
ties, and 2) carbon deflagrations in Ch-mass possibly hybrid C-I-O-I-Ne WDs, where WD winds occur 
at [Fe/H] ^ —2.5 at high accretion rates. These subclasses of SNe la are rarer than ‘normal’ SNe 
la and do not affect the chemical evolution in the solar neighborhood, but can be very important in 
metal-poor systems with stochastic star formation. In dwarf spheroidal galaxies in the Local Group, 
the decrease of [a/Fe] ratios at [Fe/H] ^ —2 to —1.5 can be produced depending on the star formation 
history. SNe lax give high [Mn/Fe], while sub-Ch-mass SNe la give low [Mn/Fe], and thus a model 
including a mix of the two is favoured by the available observations. 

Subject headings: galaxies: abundances — galaxies: dwarf — galaxies: evolution — Local Group — 
stars: abundances — supernovae: general 


1. INTRODUCTION 

Elemental abundance ratios can be used as a ‘cosmic 
clock’ because different elements are produced from stars 
on different time-scales. Stars more massive than ~ 8Mq 
explode as core-collapse supernovae, which produce more 
a elements than Fe. Among core-collapse supernovae, 
[a/Fe] ratios are larger for more massive progenitors, and 
the [a/Fe] ratios weighted with the initial mass function 
(IMF) are -1-0.4, which are consistent with the plateau 
values of observed [a/Fe] r atios of metal-poor stars in 
the solar neighborhood (e.g.. lGavrel et ai1l2004ll . On the 
other hand, thermonuclear supernovae, i.e.. Type la Su¬ 
pernovae (SNe la), produce more iron-peak elements, in 
particular Fe and Mn. This results in the decreasing 
trend of [a/Fe] and the increasing trend of [Mn/ Fe] from 
[Fe/H] ^ —I to ^ 0 in the solar n eighborhood (jGrattonI 
119891 : iKobavashi et al.ir2006L l20llll . 

The progenitors of SNe la are still a matter of de¬ 
bate between (1) deflagrations or delayed detonations 
of Ghandrasekhar (Gh) mass white dwarfs (WDs) from 
single degenerate systems, (2) sub-Gh-mass explosions 
from double degenerate systems, or (3) double detona¬ 
tion of sub-Gh-m ass WDs in single or double d egener- 
ate systems (e.g., iHillebrandt &: Niemeved [200011 . The 
nucleosynthesis yields that are most commonly used in 
galactic ch emical evolution (G GE) models are for the 
W7 model (|Nomoto et al.l[l9^ . which is a deflagration 
of a Gh-mass WD. This model gives good agreement 
with the observed [a/Fe] and [Mn/Fe] ratios, in com¬ 
bination with our metallicity-dependent SN la progeni- 
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tor mo del (IKobavashi k. Nomotoll200^ . iSeitenzahl et al.l 
(|2013f) showed that sub-Gh models result in too low Mn 
abundances. Mn (decayed from ®®Go) is produced from 
nuclear statistical equilibrium (NSE) in the center and 
incomplete Si-burning in the outer region, and the yield 
from the former process is much reduced in sub-Gh mod - 
els because of the lower density ([Shigevama et al.lll992[l . 

The lifetime, or delay time, of SNe la has been 
estimated from the metallicity of the ‘knee’ in the 
[a/Fe]-[Fe/H] relations as ~ 1.5Gyr. However, the 
lifetime/delay-time distribution function that is esti¬ 
mated from observed SN la rates or is calculated from 
binary population synthesis models spans a wide range 
from ^ O.OlGyr to 20Gvr with a pea k at ^ O.lGyr 
(e.g.. iMaoz. Mannucci fc Neleman^ 120141 1. This is too 
short to reproduce the [a/Fe] kn ee at [Fe/H] ^ — 1 in the 
solar neighborhood. However, IKobavashi et al.l (119981 ) 
showed that in single degenerate systems, the SN la life¬ 
time depends on the metallicity of progenitor systems 
because of WD wind s (jHachisu. Kato fc Nomotol II996I : 
iHachisu et al. I [20121 ). and with this metallicity effect, 
succeeded in reproducing the knee at [Fe/H] ^ — I in 
the solar neighborhood. 

This metallicity effect inhibits the enrichment from 
SNe la in very low-metallicity systems. This is con¬ 
sistent with observed [a/Fe] rati os of globular cluster 
systems (e.g.. iGarretta et HlbOOOH where asymptotic gi¬ 
ant branch (AGB) stars (with longer lifetimes than SNe 
la) contribute to the 0- Na anti-correlatio n and/or s- 
process abundances (e.g.. iKraft et al.llI997ll . However, 
the metallicity effect may conflict with the observations 
of dwarf spheroidal (dSph) galaxies that now show a 
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Fig. 1.— Regions for sub-Ch SNe la (shaded and hatched area) 
in the diagram of initial orbital period P vs. initial secondary mass 
M 2 at Z = 0.001 (red) and Z = Zq (green), where the He accretion 
rate lies in M = 3 —4x lO“®M 0 yr“^. For Z = 0.001, the WD+RG 
system appears only with the initial WD mass M^d 0 = 1 . 2 M 0 
(dotted area). All other regions are for Mwd,o = I.OM 0 . For 
com parison, the reg i ons fo r SNe la at Z = Zq (blue) are taken 
from iHachisu et al. I 1120121) . where the WD mass reaches Ch-mass 
with the wind and stripping effects (ci = 3). 

quite clear knee at lower metallicities; [F e/H] ~ —2 in 
Sculptor, ~ —1.5 in Fornax, and so on fe.g.. lTolstov et afl 


bculp ti 

l2009f) . If this knee is caused by SNe la, 
tios should show an increasing trend with 


Mn/Fe] ra- 
Fe/H] from 

this [a/Fe] knee. However, in dSph galaxies, [Mn/Fe] ra¬ 
tios are as low as in the Galactic halo stars for a wide 
range of metallicitv (iMc William. Rich fc Sinecker-H and 
20031 iRomano. CescuttI? fc Matteuccill2011l: iNorth et al.l 


2012li . One possible scenario is the lack of contri¬ 

butions from massive core-collapse supernovae due to 
the incomplete s ampling of IMF JlTolsto^£^^yj200^ 
iKoch et ^120081 IVenn et 311120121 : iNomoto et al.ll20i^ . 

Less-massive supernovae (~ 20Mq) give low [a/Fe] ra¬ 
tios without changing [Mn/Fe] ratios. 

In this Letter, we propose a new scenario that in¬ 
cludes new subclasses of SNe la that have been discovered 
with recent extensive observati ons of supernovae (e.g., 
ILi et al.ll201lHScalzo et al.ll2014n . We introduce two pos¬ 
sible channels for such SNe la (§2) and apply these chan¬ 
nels to our GCE models of the solar neighborhood and 
dSph galaxies (§3). Our conclusions are presented in §4. 

2. PROGENITOR MODEL 
2.1. Sub-Chandrasekhar mass SNe la 

This type of explosion is expected to occur when the He 
layer grows at a relativ ely slow rate (< 4 x 10~ ^Mfnyr~^; 
lNomotolll982bL see also llben &: Tutul^ll991ll . Previous 
models showed that He detonations produce copious ®®Ni 
near the surface in the He layer, so that the He features 
are too strong and the envelopes ar e too hot to be con¬ 
sistent with observed SN l a spectra (iHoflich fc KhokhlovI 
Il996t iNugent et ^119971) . Thus, it was thought that 
such a double detonation may n ot occur. 

However recent studies fe.g.. IShen fc BildstenI I2009t 
iFink et ^ 120101 IWooslev fc KasenI 1201111 showed that 
a thin He layer containing less than O.O4M0 may pro¬ 
duce an He detonation to trigger a double detonation, 
while the mass of the He layer is too small to pro¬ 
duce a significant amount of ^®Ni and prominent He fea- 



Fig. 2.— The region for SNe lax (hybrid C-|-0-|-Ne WDs, red 
hatched area) in the diagram of WD mass vs. iron abundance, 
c omparing with that for S Ne la (blue area). This is similar to Fig.l 
of IKobavashi et al.l II19 9SI1. but the w ind solutions are updated for a 
few models bv lHadusi^et al. I II2012I 1 . The symbols indicate strong 
winds (circles), weak Fe winds where the wind velocity does not ex¬ 
ceed the escape velocity (triangles), weak He winds that are driven 
not by Fe lines but by He lines (squares), and no winds (crosses). 


tures. This small He mass for the He detonation makes 
these double-detonation sub-Ch-mass models viable pro¬ 
genitors of SNe la, as the light curves and spectra are 
consistent with soin e observations ('e.g.. lSim et al.ll2Mft 
iKromer et al.l[2M^ . 

Such a thin He layer c an be formed by the accretion 
from H-rich donors le.g.. lYungelson e t al.lll9 95l) or fr om 
He-WDs or He-burning stars (e.g.. lRuiter et al.ll2014D . if 
the He accretion rate lies in a narrow range of M ~ 3 — 
4 X 10“®MQyr“^. In this Letter, we assume that the thin 
He layer (< O.O 4 M 0 ) is formed by H-rich donors, which 
detonates at the ignition density of 2 x 10®gcm“^ 
(e.g., lNomotolll982bD. The required M slightl-y depends 
on the WD mass ([Kawai. Saio fc Nomotolll987t ). but is 


always lower than for Ch-mass explosions. Therefore, 
in the diagram of secondary mass and orbital period 
(Fig[T]), the sub-Ch SNe la regions are located below 
those for Ch-mass SNe la. At [Fe/H] — 1-1, be¬ 
cause WD winds are too weak to eject H-rich envelopes, 
the processed He effectively accumulates on to the WDs 
in every H-shell flash of novae. Assu ming this He ef- 
hciency of 50% ([Hachisu fc Katdl2001l) . the sub-Ch re¬ 
gion (shaded area) is determined from the initial accre¬ 
tion rates, which depend on the thermal timescales for 
main-sequence (MS) companions. At larger P, the stel¬ 
lar radius becomes larger, and thus a smaller secondary 
star gives the required M. This results in the down¬ 
ward slope in this diagram. With a slightly larger initial 
M (hatched area), the systems undergo He nova explo¬ 
sions, but will cause delayed He detonations when M 
drops. Similar M regions appear just below the nor¬ 
mal SN la regions, also with strong WD winds at [Fe/H] 
> — 1.1, both for MS and red-giant (RC) companions. 
For the RC companions, however, if there is no wind, 
the syste ms with M^/Mwn.a > 0-79 cau se a common 
envelope ([Hachisu. Kato fc Nomotolll996D . the parame¬ 
ter space for which is limited only for hybrid WDs (§2.2) 
with Mwd,o > 1-IMq (dotted area), and the contribu- 
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TABLE 1 

Initial mass ranges of primary stars, and red-giant and main-sequence companions, as a function of iron abundance. The dash entries 
indicate no model, while interpolation is applied in the GCE code for the blank entries. 


tion is neglected in this Letter. 

The initial mass ranges for the secondary and primary 
stars in our GCE models are summarized in Table 1. 
For the primary stars, the WD should be relatively mas¬ 
sive, Mwd,o ~ 1-0 — I.IM 0 , because for lower-mass 
WDs, the He mass required for the ignition is larger 
(|Shen fc Bildstenll2009l : IWooslev fc KaseiJl2011[i and the 
He features are more prominent. According to stellar 
evolution models, the mass of C-fO WDs is larger for 
larger mass and higher metallicity progenitors. The pri¬ 
mary mass ranges are set at the massive end of C-fO 
WDs for normal SNe la (Mwd.o 0.6 — I.IMq). Note 
that the primary mass ran ge was constant, 3 — in - 
dependent of metallicity in iKobavashi fc Nomotol (I2009D . 
but depends on m etallicity in this work, taken from 
lUmeda et al.l (|1999li . 

The nucleosynt hesis yields are taken from the 
I.O 5 M 0 model of iShigevama et al.l (|1992[1 : M(Fe) = 
0.5643 Mq,M(O) = O.O594M0, M(Mn) = 3.246 x 
1O“^M0, which gives [0/Fe] = —1.86 and [Mn/Fe] 
= —0.26 B. This is very similar to the 1 .0 6Mf7^ model 
in iSim et ahl (|2010D and iSeitenzahl et al.l (120131) . For 
sub-Ch models, Mn is mostly synthesised in incomplete 
Si-burning, and therefore the Mn yields should depend 
on metallicity. We include this effect as MfM n) oc 
(jSeitenzahl et al.l[201,^ lYamaguchi et al.ll201,^ . 

2.2. 2002cx-like SNe la 

For stars in the mass range ~ 8 — IOM 0 (at Z = 0.02 = 
Zq), electrons are partially degenerate in a C-fO core. In 
^ 8 — 9 M 0 stars, neutrino cooling and contraction leads 
to off-center ignition of C flame, which moves inward all 
the way to the center as a result of heat conduction, while 
~ 9 — IOM 0 stars undergo central carbon ignition. For 
both cases, a strongly degenerate 0+Ne+Mg core was 

^ lAnders fc Grevessel l| 198fll) is used fo r the solar abundance as 
in our GCE fe.g.. [l^bavashi et al.|[2Qlll'l . 


formed (0-|-Ne dominant, but Mg is es sential for elect ron 
capture). If Ne burning is not ignited (jNomotolll984l ). or 
if off-center Ne bu rning does not propagate to the center 
(|Jones et al.ll2014D . such a core eventually undergoes an 
electron-capture-induced collaps e, which does not p ro- 
duce significant amounts of iron (|Nomoto et al.l[T982l) . If 
the stellar envelope is lost by winds or binary interaction, 
an 0+Ne+Mg WD may b e formed. 

Recently, at ^ 9M0, iChen et all (|2014D suggested 
that if the convective undershooting of the C-burning 
layer is large enough, the carbon fraction below the 
flame is largely reduced, and showed a possibility of 
hybrid C-|-0-|-Ne WDs with I.IM 0 (see also 

iDenissenkov et aTl I2015D . This depends on convective 
boundary mixing and mass loss in binary systems. If such 
a hybrid WD is in a close binary, the WD mass can reach 
the Ch-mass with a small amou nt of accretion from var¬ 
ious m asses of companion stars. IMeng fc Podsiad lowski 
(1201^ connected this system to SN lax ('e.g.. lFolev et al. 
I 2 OI 3 D and estimated the rate (only for MS compan- 
ions), which c ould be 1-8% of the overall SN la rate. 
iKromer et al.l (I2013D showed that deflagration of a Ch- 
mass (C-fO) WD model can match the observed light 
curve and spectra for 2002cx-like objects, the bright end 
of SNe lax. 

In our single degenerate scenario, WD winds play an 
essential role in increasing the param eter space of SN la 
progenitors. iKobavashi et al.1 (119981) showed the metal¬ 
licity effect of the WD winds as a function of WD mass, 
and the metallicity limit is [Fe/H] = —1.1 for normal SNe 
la from ~ IM 0 WDs. WDs more massive than I. 2 M 0 
were supposed to collaps e to neutron stars and no t to ex¬ 
plode as normal SNe la (|Nomoto fc Kondolll99lD . How¬ 
ever, if it is possible to form and explode 1.3M0 WDs, 
the metallicity limit becomes as low as [Fe/H] = —2.5 
(Figl^l). In any case, 0-|-Ne-|-Mg WDs will form at 
> 1.3M0. 
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- Solar Nieghborhood (CK & Nomoto 09) 

-Solar Nieghborhood (CK & Nomoto 09) + SNIax + sub-Ch SNIa 

-Dwarf Spheroidals + SNIax 


- Dwarf Spheroidals + SNIax + sub-Ch SNIa 


CD 

o 




Fig. 3. — Evolution of elemental abundance ratios for the solar neighborhood with only normal SNe la (red solid lines) and a model with 
50% SNe lax and 50% sub-Ch SNe la (green short-dashed lines). The blue long-dashed, cyan dotted, and magenta do t -dash ed lines are 
for dSph galaxies with 100% SN lax, 100% sub-Ch SNe la, and equal mix of the two, respectively. See IKobavashi et al.l <120111 . black) and 
IVenn et al.l (120121 . color) for the observational data sources of the solar neighborhood and dSphs, respectively. 


In this second channel, we assume that a hybrid WD 
undergoes central carbon deflagration at a si milar M 
as for normal SNe la when it reaches 1.38Mq (iNomotol 
Il982al) . but the carbon deflagration is quenched when it 
reaches the outer 0-|-Ne layer. The progenitor WD is 
only partially burnt and ejected, and therefore the ®®Ni 
production is small. These explosions are fainter than 
SNe la, and may correspond to SNe lax. The WD should 
be massive, Mwd,o ~ 1-1 ~ I-SMq, and thus the primary 
mass ranges are set above the ranges for normal SNe la 
(Table 1). The secondary mass ranges are calculated for 
A/wd,o = 1.2Mq. 

The ejecta mass and iron production are lower than 
for normal SNe la. There will not be much C and O 
ejected, and thus [a/Fe] is very small, which is diff erent 
from double degenerate systems (iRopke et al.ll201^ . On 
the other hand, [Mn/Fe] should be rather high because 
of the deflagration, and there will be no strong metal- 
licity effect on [Mn/Fe] as Mn is predominantly synthe¬ 
sized in NSE. In our GCE, we adopt the nucle osynthesis 
yields of the NSdef model in lEink et al.l (|2014D : M(Fe) = 
O.193M0,M(O) = O.O 6 OM 0 , M(Mn) = 3.67 x 
which give [0/Fe] = —1.42 and [Mn/Fe] = 0.22. As 
noted above, these yields are for the bright end of SNe 
lax, but similar results are obtained even if we halve the 
SN lax rate in our GCE. 

3. CHEMICAL EVOLUTION MODEL 

The equ ations of our chemical e volution code are de¬ 
scribed in IKobavashi et al.l (120001 ). This is a so-called 
one-zone model, which assumes instantaneous mixing of 
the system. The nucleosy nthesis yields of c ore-co llapse 
supernovae are taken from IKobavashi et al.l (120061) . with 
a hypernova fraction of 0.5 at M > 20Mq. The con¬ 
tribution from AGB stars is al so included, and Kroup a 
(2008)’s IME is adopted as in IKobavashi et ahl (120111) . 
The rates of sub-Ch SNe la and SNe lax are calculated 


with Equation 12 of IKobavas hi et al.l (I2000D. which i s 
the same as Equation 2 of IKobavashi fc Nomotol (j2009t) . 
In both cases, the binary parameters are the same as 
for normal SNe la; at Z = 0.004, 2.3% of the progenitor 
WDs (from 2.8 — 7.3Mq) eventually explode, in both MS 
and RG systems. We assume that neither the double de¬ 
generate channel nor double detonations accreting from 
He-WDs or He-burning stars contribute to the chemical 
enrichment of galaxies; otherwise, it is not possible to 
reproduce the elemental abundances of the solar neigh¬ 
borho od (|Kobavashi et al.1 Il998t IKobavashi fc Nomotol 
120091) . 

Eigure [3] shows the evolution of elemental abundance 
ratios in the solar neighborhood and dSph galaxies. Eor 
the solar neighborhood, the star formation history is de¬ 
termined to match the observed metall icity distribution 
funct ion (MDF) of stars (see Fig.12 of IKobavashi et ^ 
[MU) , and consists of slow inflow (timescale of 5 Gyr) 
and star formation (timescale of 4.7 Gyr). Because of 
the very small number of metal-poor stars, the contribu¬ 
tion from SNe lax and sub-Ch SNe la is negligible in the 
solar neighborhood. The difference between the solid and 
short-dashed lines is almost invisible in the [0/Fe]-[Fe/H] 
relation, which shows the plateau from core-collapse su¬ 
pernovae at low metallicities and the decreasing trend 
of [0/Fe] from [Fe/H] ^ — 1 to ~ 0 due to the delayed 
enrichment of normal SNe la. 

For dSph galaxies, the star formation history is uncer¬ 
tain, and should vary among galaxies. Because of the low 
star formation rate overall, the instantaneous mixing ap¬ 
proximation may not be valid. Therefore, a large scatter 
around the model lines can be expected. Figured] shows 
the age-metallicity relations, MDFs, and [0/Fe]-[Fe/H] 
relations of the models of dSph galaxies. The solid lines 
are the models used in Figure O In all of these mod¬ 
els, the majority of stars formed in a short star burst 
(duration of fgw = 0.3Gyr) with a low efficiency (the 
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Fig. 4.— The age-metallicity relations (panel a), the MDF (b), and the [0/Fe]-[Fe/H] relations (c) for the models of dSph galaxies both 
with SN lax and sub-Ch SNe la. The adopted parameters are [tgw/Gyr, T 2 /Gyr] = [0.3, 1000] (solid lines), [0.3, 100] (short-dashed lines), 
[0.5, 1000] (long-dashed lines), and t 2 = 6Gyr for the model with a secondary star burst (dotted line). 


timescale is ri = lOGyr, which is even longer than in the 
solar neighborhood models). Because of the small grav¬ 
itational potential of the system, the initial star burst 
causes a strong galactic wind, which suppresses the fol¬ 
lowing star formation by a factor of 100 (the timescale is 
T 2 = lOOOGyr[0, in addition to producing a continuous 
outflow proportional to the star formation rate. Inflow 
is not included, and the initial gas fraction is set to be 
1. The iron abundance reaches only up to ^ —2 at the 
first burst, and the MDF pea ks at [Fe/H] ^ —2, whic h 
is consistent with observations (jStarkenburg et aO2010l ). 
After the initial star burst, the metallicity gradually in¬ 
creases with SNe lax and sub-Ch SNe la. 

The mean stellar metallicity of galaxies and the metal¬ 
licity of the [a/Fe] knee depend on the duration and 
efficiency of star formation. With = 0.5Gyr (long- 
dashed lines), the metallicity reaches up to [Fe/H] ~ —1.5 
by the initial star burst, and with T 2 = lOOGyr (short- 
dashed lines), the metallicity linearly increases at [Fe/H] 
> — 2 after the initial star burst (Figl4^). Both result 
in a higher peak metallicity of MDFs (Figl4)D). In the 
[0/Fe]-[Fe/H] relations (FigHt), with tgw = 0.5Gyr or 
T 2 = lOOGyr, the knee is located at a higher metallicity. 
If there is a secondary star burst (at t 2 , dotted lines), 
even with a small enhancement of star formation, [Fe/H] 
and [0/Fe] show a rapid increase. These strong parame¬ 
ter dependencies may explain the observed large scatter 
among stars in a dSph and the variation among dSphs. 

As shown in Figured both for the SNe lax and sub- 
Ch SNe la models, the [a/Fe] knee appears at a much 
lower metallicity than in the solar neighborhood, which 
is mo re consistent with th e observations of stars in dSphs 
(e.g.. iTolstov et aLll2009D . On the other hand, the SNe 
lax and sub-Ch SNe la models show a notable differ¬ 
ence in the [Mn/Fe] ratios. If SNe lax are the re¬ 
sult of deflagrations, a significant amount of Mn should 
be produced at low metallicities, and [Mn/Fe] shows a 
rapid increase from the the [a/Fe] knee, even assum¬ 


ing 10% of the SNe lax rate. If sub-Ch SNe la pro¬ 
duce much less Mn at low metallicities, [Mn/Fe] shows 
a decrease there. Therefore, a model in which both SNe 
lax and sub-Ch SNe la almost equally contribute can 
give no ]Mn/Fe] evolution for a wide range of metallic¬ 
ity. This is c onsistent with the observed [Mn/Fe] ra¬ 
tios in dSnhs dMcWilliam. Rich fc Smecker-Hand I200.H 
iNorth et al.ll2012t) . although the observational data plot¬ 
ted in Fig[3]show a large scatter. Further observational 
data are required to constrain the contributions from 
these subclasses of thermonuclear supernovae. 

4. CONCLUSIONS 

Subclasses of thermonuclear explosions, such as SNe 
lax and sub-Ch mass SNe la, can be an important en¬ 
richment source in dSph galaxies in the Local Group. We 
have presented chemical evolution models with the two 
possible progenitor channels. Due to the metallicity de¬ 
pendence on the mass ranges of primary and secondary 
stars, the event rate is higher for lower metallicity envi¬ 
ronments, but the contribution is negligible in the solar 
neighborhood. In dSph galaxies, the decrease of [a/Fe] 
ratios at [Fe/H] ^ —2 to —1.5 can be produced depending 
on the star formation history. SNe lax give high [Mn/Fe], 
while sub-Ch-mass SNe la give low [Mn/Fe], and thus a 
model including a mix of the two is favoured by the avail¬ 
able observations. Further calculations of stellar evolu¬ 
tion, explosion, nucleosynthesis, and binary population 
synthesis with various metallicities are required to con¬ 
strain their contributions in dSph galaxies. 
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